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The NUSTAR facility 

CORE = Super-FRS 

• Primary beams from SIS100: 
      p to U, 1500 AMeV 
FRS→S-FRS: 
• ×100 beam intensity 
• ×10 transmission (PF and FF) 
• SIS100: 3×1011 U atoms/spill 
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High-energy 
primary beam 

Projectile fragments   

Isotope selection 

   

In-flight production of RIBs 

• Very fast separation, access to μs half-lives 
• Beams of ALL elements 
• Often poor beam quality 
• Precision experiments at low-energy not 
      directly accessible. 

First in-flight separator, Oak Ridge (1958) 
~1 GeV/u 
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Medium-energy ion beam 
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LEB: High-precision experiments with in-flight separated exotic nuclei  
almost at rest, (production by projectile fragmentation / fission) 

MATS (Precision Measurements of very short-lived nuclei  
using an Advanced Trapping System for highly charged ions) 
• High accuracy mass measurements 
• In-trap conversion electron and alpha spectroscopy 
• Trap-assisted spectroscopy 
  

LaSpec (Laser Spectroscopy) 
• Collinear laser spectroscopy of ions and atoms 
• β-NMR 
• Resonance ionization spectroscopy 
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100...1500 MeV/u ~ eV ~ keV ~ MeV/u 

Eur. Phys. J. Special Topics 183 (2010) 1 

Low Energy Branch of the Super-FRS 
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Challenging design goals for a gas catcher 

• Energy straggling: determines areal density 
      of gas needed for efficient stopping 
• Impurities: loss of ions due to molecular 
     formation 
• Ionization density: space charge 
• Beam size 

Energy/range bunching device 

100Sn projectile fragments 
• unwanted isotopes well separated 
• more intense fragments stop earlier 

133Sn fission fragments 
• poorer quality beams 
• isobars have longer range 
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Stopping efficiency vs areal density 

Range straggling calculated from standard deviation of previous range 
distributions (given in Al, but converted to He). 

5 mg/cm2: 
medium-A 
fragmentation products 

20 mg/cm2: 
fission products 

Beam window: 
25 cm × 10 cm 
Design goal: 
20 mg/cm2 

223Th 
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M. Ranjan et al., Europhys. Lett. 96 (2011) 52001 

223Ra source 
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M.P. Reiter, Master thesis, Justus-Liebig-University Gießen, 2011 
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Cryogenic  
stopping cell 

Diagnostics 
unit Time-of-flight 

mass spectrometer 

Setup at GSI, S4 cave, Oct. 2011 / July 2012 
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Cooling system design and performance 

• 2011 expt: lN2cooling (gas T~100 K) 
• 2012: Cryocooler-based system 
• Min. temp of 72K reached (~design goal) 
• Operational temp <110K after 10h cooling 
• 219Rn survival and extraction: ~30% 
• Largest areal density off-line ~7mg/cm2 
• On-line 3.1 mg/cm2 used 
• DC of 30V/cm applied across the cell 

Twin cooling channels 
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Extraction time 

Design goal: 
• Short-lived isotopes ~10 ms 
 
• Extraction time α areal 
     density, 1/α to electric field 
 
• ”Ideal” limitation due to 
      Paschen curve 

300 V/cm 

30 V/cm 

219Rn 

51 ms 

Extraction time from middle of cell ~25 ms 
Mass of 213Rn measured, T1/2 = 19.5 ms 
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Stopping and extraction efficiencies 

Beam intensities: few 100 to 2000 s-1 
≡ ~107 He+ ion – electron pairs/cm3.s 
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Extraction of 221Ac (T1/2 = 52 ms) 

 Mean Textr = 23 ms 

Pressure = 50 mbar,  
Temperature = 75 K 
DC field = 22 V/cm 
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First ”physics” measurement at the FRS 
Ion Catcher (Oct. 2014) 

(1472±120) keV 
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Rate capability of the stopping cell 

Entrance Exit 

1011 He3
+/s 

1012 He3
+/s 

Equipotential lines 

He ions 

1 stopped ion creates ~107 

He ion-electron pairs 

Deflection of ions; 
defocusing of electric field; 
→ reduced extraction efficiency, 
→ reduced extraction time. 

• Extraction efficiency constant up to a rate 
      of 104 ions/s 
• Drops to 10% of original value at 107 ions/s 
• Gain in rate for factor of 2 increase in DC field 
      strength only 40% 
• Reduction due to space charge effects along 
      the DC cage 

M.P. Reiter et al., accepted for publication in NIMB (2015) 
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LaSpec 
lasers 

LEB Super-FRS 
(gas catcher) 

HISPEC/DESPEC 

+ energy buncher (as part of accelerator cost-book) 

+ Super-FRS Physics (details under discussion)  

Presently under discussion (LEB infrastructure meetings) 

The Low-Energy Branch cave - space 
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MATS & LaSpec at the LEB 
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RFQ: JYFL 

ß-NMR: Leuven 

Collinear atom beamline (Mainz) 

Collinear ion beamline 
(Manchester) 
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Model Independent 
(measured) 
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Probing the nuclear 
fingerprint on the atom 



Unpublished 

Progress in Particle and Nuclear Physics 
Vol. 86 (2016) 127 
(Campbell, IM, and Pearson ) 

Recent work mostly by 
collinear laser spectroscopy 

Recent work mostly by resonance 
ionization spectroscopy (RIS) 

The current status of laser spectroscopy 
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Clusters and Halos 

Refractory Elements  
around Shell Closures 

Further away  
from stability 

Towards Superheavy 
Elements 



Thanks for your attention! 
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